Delamination or interlaminar cracking in laminated fibre-reinforced composite materials is considered as one of the major failure modes. The delamination or debonds may be the result of residual stresses due to the curing process, external impact damage, environmental degradation, fabrication processes or may develop in service, causing structural degradation or failures at stresses well below the strength levels expected for defect free material. The life expectancy for composite structure requires a comprehensive understanding of the materials response to the growth of interlaminar flaws/delaminations.
where, W is the work done by the movement of the external forces, and U is the elastic strain energy stored in the body.
If Gc is the work required to create a unit crack area, it is possible to formulate a criterion for crack growth: AH? GCAA (5.2) where, AA is the increase in crack area. where M=Px, is the local bending moment, E is the Young's modulus and I is the area moment. P is the tip-concentrated load and the beam axis x varies from x0 (at the tip) to xa (at the crack tip).
Using equations (5.3) and (5.10), the strain energy release rate (G 1) for a DCB beam specimen is G P 2 a 2 3 P6 l--BET 2Ba ' (5.11) where 6 = 2Pa3 -, is the deflection of the DCB specimen. 3E1
It should be noted that equation (5.1 1) resembles equation (5.9). The deflection and rotation (slope) are assumed to be zero at the crack-tip of the DCB specimen. In actual situation, there is a possibility of non-zero slope at the crack-tip of the DCB specimens. It can be verified from the fracture test data of DCB specimens, through the value of n in equation (5.9). If n=3, then the slope at the crack-tip of the DCB specimen is zero.
Due to the presence of weak planes between the layers of a composite laminate, delaminations often grow under the influence of a mixed-mode stress field. In a mixedmode, both normal and shear stresses act across the interface ahead of the crack-tip. And both opening and sliding displacements occur on the crack faces behind the crack-tip.
Cracked-lap shear (CLS) specimen shown in Figure 5 .5 (unconstrained CLS specimens) can be used to examine the delamination growth in a mixed-mode (mode I and mode II). The mode I contribution arises from the eccentricity in the remote loads which causes out-ofplane loading on the delaminated plies. Test data on constrained CLS specimens ( Figure 5 .6) will be useful to examine the delamination fracture toughness without having out-of-plane loading on the delaminated plies.
EVALUATION OF DELAMINATION FRACTURE TOUGHNESS
Delamination fracture toughness (Ge) values of different carbon/epoxy composite materials are evaluated from the fracture data [92] utilizing equation (5.9). Table-1 gives oo delamination fracture toughness values for carbon/epoxy. The mixed mode strain energy release rate of unconstrained CLS specimens is found to be lower than that of the constrained CLS specimens. This is mainly due to the contribution of opening mode-I. This arises from the eccentricity in the remote loads, which causes out-of-plane loading on the delaminated plies. The analytical estimates of critical load and deflection of DCB specimens are made from the evaluated delamination fracture toughness.
The following expressions are utilized while estimating the critical load for the DCB specimens:
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The relative error and standard error (SE) are computed from
Relative error(%) = 100 -Analysis result Test result ) (5.14)
IN (
Standard error(SE) = 1-Analysis result2 Test result (5.15) where N is the number of test specimens.
RESULTS AND CONCLUDING REMARKS
From figures 5.7 and 5.8, it should be noted that the critical displacement derived in Eq 5.13 is inversely proportional to the critical load of DCB specimen. If the critical load(P) for the crack length(a) evaluated from the delamination fracture toughness of the DCB specimen is lower(or higher) than the measured value, hen the critical displacement estimates will be higher (or lower) than its measured value. This is the reason why one quantity is higher than the other when analytical estimates are compared with test results in One of the simplest and reliable LEFM methods, Viz., the compliance method is adopted here for direct evaluation of the critical strain energy release rate from the fracture data of carbon/epoxy composites. The test data of DCB specimens and CLS specimens were utilized to evaluate mode I and mode II delamination fracture toughness of the materials.
Critical load and the critical displacement for different values of the crack length(a) of the DCB specimens from the determined fracture energy are found to be reasonably in good agreement with test results. 
